The effectiveness of any educational technology depends on the perceptions of faculty and students about its utility or value addition in teaching and learning. In this paper we identify the criteria considered to contribute to the effectiveness of virtual labs after a literature review. There are numerous studies, which focus on the evaluation of usability of e-learning content. There are very few studies, which focus on the utility of technology in the teaching learning process. We carried out a study with engineering faculty and students to find out their perception about the criteria for effectiveness of virtual labs. Then we compare the criteria from literature review and the perception studies and come up with the most important criteria contributing to the effectiveness of the new technology labs.
S.No

Instruments used
No. of Papers 1 Survey Questionnaire 2
Performance of students in final semester test 3 Laboratory report 4 Performance of students in pre-post tests 5 Survey Questionnaire+ Performance in test is just as important as the quality of that process. There are various studies, which report the effectiveness of virtual labs after carrying out experimental studies and surveys. Each of the study uses a different parameter for the effectiveness metric. In the first section of this paper we present a study, which aims at finding out the perceptions of the faculty and students of engineering colleges from the Mumbai state university at diploma, degree and post-graduate level about the effectiveness of virtual labs. We review the prior related work to find out the parameters, which have been reported to be contributing to the effectiveness of virtual labs. Then we compare these two sets of parameters contributing to effectiveness and come up with a list of factors, which contribute to the effectiveness of virtual labs.
The paper is organized in four sections. The first section gives the details of the Virtual lab effectiveness metric. In the second section of the paper we propose a technique to measure the effectiveness of virtual labs and present results of a Pilot study carried out with UG engineering students implementing the proposed technique. Finally we discuss the further work, which is going to be carried out to establish the usefulness of the technique.
A. Related Work
The analysis of 14 papers spanning over five years from 2007 to 2011 from the journal Computers and Education with studies on Virtual labs was carried out to find out the criteria considered for effectiveness of these labs. Of these 14 studies; three are one group exploratory, six are two group quasi-experimental studies and two are qualitative studies. There are three papers, which just describe the implementation process and have not carried out any study with students or faculty. The sample sizes vary from a small size of 9 to larger sizes of 247 and 363. The Fig. 6 on page 7 gives the detailed analysis of the papers [1-10]. We identified several factors, which the authors consider as parameters contributing to the effectiveness of virtual labs, and the instruments used. The following Table 1 . gives the analysis of the instruments used in the related work and Table 2 . gives the effectiveness parameters identified.
Effectiveness Metric
A. Perceptions of Students and Faculty Study
In order to find out the perceptions of engineering students and faculty about effectiveness of virtual labs a study was carried out. The research question addressed in this study is RQ1: What are the perceptions of engineering students and faculty members regarding the parameters contributing to the effectiveness of virtual laboratories?
A total of 113 UG engineering students and 37 faculty members participated in the study. In order to gather the perceptions of the faculty at diploma and degree level engineering workshops were conducted at the premises of the institutes. The researcher initially gave a 30-minute presentation to the participants describing the virtual labs and then they were asked to work with the virtual labs in their domain for about an hour. They were asked to perform one experiment in the virtual lab with simulation. This was done so that the participants could find out the difference in the two lab formats and experience the new lab. After they had performed one experiment a written consent was taken from the participants so that the researcher can use the data of the survey. After obtaining the consent the survey questionnaire was administered. They were given enough time to fill up the survey. The survey questionnaire had twelve questions of which ten questions were with a five point likert scale format and two open ended questions. All the twelve questions were based on the effectiveness metric. The survey instrument was developed using the standard development procedure followed for research purposes. The researcher prepared a draft of the survey after a literature review of the existing instruments. Most of the existing ones had questions related to other Technology Enhanced Learning metrics of Attractiveness, Accessibility and Efficiency. A few surveys had questions related to parameters contributing to effectiveness metric. This draft was then submitted to a panel of three domain experts from engineering colleges for comment and review. The panel suggested certain changes, which were incorporated, and then again a review carried out. The product was finalized after a consensus was reached that the instrument was satisfying the validity criteria.
The data collected from the survey was analyzed to find out the percentage agreement among the faculty members and students about the parameters they perceive will contribute to the effectiveness of virtual labs in teaching learning process. The following table gives the percentage agreement of faculty.
In the two open ended questions they were asked to comment on the parameters contributing to the effectiveness of the virtual labs and the reason why they considered it important. A content analysis was carried out for the data gathered from these two questions. The following Table 3 . gives the results of the survey giving the list of parameters, which were considered lead to the effectiveness of virtual labs as tools for students learning process and faculty's teaching and percentage agreement by faculty and students.
A. Comparison of the Effectiveness Metric Parameters
After a comparison of the results obtained from the The features of the virtual labs The tasks students perform while working with the virtual labs
The process through which the students go through while working with these labs
The learning of students using virtual labs over a period of time
Assessment of tasks in virtual labs
Duration of time the students spend working with virtual labs Alignment of task with the learning outcome Feedback provided to the students while performing the tasks in virtual labs 76 40
literature review and perception studies with engineering faculty and students the following parameters need to be considered while evaluating the effectiveness of virtual lab as a teaching and learning tool. 1. The features of the virtual labs 2.The tasks students perform while working with the virtual labs 3.The process through which the students go through while working with these labs 4.The learning of students using virtual labs over a period of time 5.Assessment of tasks in virtual labs 5.Duration of time the students spend working with virtual labs 6.Alignment of task with the learning outcome 7.Suitability of virtual lab in learning concepts 8.Student's Preparation of tasks in physical labs 9.Understand theory behind experiment, emphasis on team work and support pre-lab training 10.Foster Selfregulated learning 11.Achievement of Student's learning outcomes 12.Feedback provided to the students while performing the tasks in virtual labs.
The next section describes the development of the technique to measure the effectiveness of virtual labs in engineering. The above parameters were considered and accordingly incorporated in the design and development of the technique.
In most of the studies with online labs the effectiveness is measured by means of the performance of the students only after the training is over. The lab is said to be effective if the performance of the students in post-test or final semester exam is improved. Sometimes the lab report submitted is graded and the lab is considered to be effective if the students submit the report complete in all respects. So the product of learning is assessed and not the way in which it occurs. Also the performance measure may not necessarily point to the learning objectives of the lab. Jodie Jenkinson (2009) points out that success of any new technology is measured in terms of student performance, as demonstrated by tests assessing factual recall and knowledge of basic concepts. The author suggest that such measures may tell us what new knowledge is being learned but does not tell us anything about how new knowledge has developed. We propose a technique by which we measure the effectiveness of the vlab by measuring the students learning in the lab while they are performing the lab work.
When students work with the virtual labs it is possible to measure the variables, which give the
Vlab Effectiveness Measurement Technique
progress of learning; that is; how does learning proceed from one task to another as they perform one experiment after the other. This way we are measuring whether the learning objectives are met as per the ABET criteria and also whether the students are engaged in the lab learning process.
The following thirteen learning objectives criteria were identified by ABET 
A. Virtual Lab Learning Process Measurement Technique
We have based the technique on two educational technology theories the Biggs Constructive Alignment [17] and cognitively principled assessment design. The Fig. 1 illustrates the Constructive Alignment Framework [12] used to design the tasks given to the students while working with virtual labs and Fig. 2 gives one example for Basic Electronics course.
Edys S. Quellmalz, (2013) lists the features of effective formative assessment within the cognitively Fig. 3 Steps followed in the technique
The above Fig. 3 5) Mapping ofABET criteria with learning objectives (LO) for the selected course: The ABET criteria are very broad terms which need to be operationalized to suitable measurable variables. These are the dependent variables of the study. After the students perform experiment using the vlab these variables will be measured. If the values obtained are above a certain pre-determined thresh-hold then it can be considered as the achievement of that objective.
6) Development of tasks as per the learning objectives: In order to achieve the selected LOs the students are assigned certain larger tasks. The students need to complete these tasks in the allotted time. If the students complete the task then the LO is said to be achieved. 10) Development of the online material incorporating the above steps: The last step in the design of the techniques was to develop the online material, which is given to the students while they are performing the experiment. The students are required to submit the answers to the assessment questions to the instructor once they complete the experiment.
A. Implementation of the Technique · In order to find out the effectiveness of the virtual lab a pilot study was carried out with five students in which we try to answer the research questions:
· RQ2: How does the learning with virtual labs change over time?
· RQ3: What are the features of and tasks in virtual labs, which contribute to the effectiveness of virtual labs?
· The five participants of the Pilot study were second year engineering students from Electronics branch from a self-financed engineering educational institute.
· The students had been taught the topics in the class by the faculty and they had performed experiment using the traditional lab with breadboard, components, wires and equipment. The students were appraised about virtual labs and given a demo of one experiment by the researcher. Then the students worked with virtual labs for nearly two hours and performed the experiment on the same topic. The students were given the online material developed consisting of the Learning Test questions. The students had to complete the test while performing the experiment.
The same procedure was followed for all the five experiments.
After the students have completed the performance of experiments along with the completion of test questions in the online material it is submitted to the instructor. In the Pilot study presented the author worked as the instructor and graded the test questions. The online material calculates the total grades obtained in each of the task based on the grades in each of the activities.
B. Results
A semi-automatic process graded the students. Each task has many activities and each activity is assigned marks. The marks obtained in a particular task is sum total of the marks obtained in each of the questions after each activity. The online material assesses some of the questions automatically while the instructor assesses some after the students have submitted the learning test. The following Table gives the sample of the marks allotment template. Fig. 1.Fig. 4 Grading of Tasks
The Fig. 4 illustrates the grading metric used for a particular task based on the student's answers to the questions after each activity in the task. Though the answers are graded after the students have submitted the material the students write the answers while they are performing the various tasks and thus this leads to a formative assessment for the students. If the students give an incorrect answer they are given a feedback. This helps the students to understand the tasks where they need an improvement.
Each experiment has tasks with graded activities based on the learning objectives mapped as per the ABET criteria. The following Table 4 . gives the grades obtained by one of the students who performed the experiments in the pilot study and Fig. 5 illustrates the graph showing progression of the student as he performs the experiments one after the other. The tasks are assigned such that each of the next tasks requires higher order thinking than the previous. It can be observed from the marks obtained that; in the first experiment the student is able to score higher in the initial tasks but the marks are reduced as he progresses in the higher order tasks. From Fig. 5 it can be seen that as the student progresses with the experiments he is able to score more in the higher order tasks. The scores in higher tasks for experiment 5 are much higher than in experiment 1 whereas the scores in the lower order tasks remain nearly same. Similar graphs are obtained for all the five students except one for whom the scores are higher for most of the tasks. The scores in some of the tasks are very low. In order to take care of this the students perform the experiment again before their final practical examination.
A. Features of Virtual Lab
The Fig. 6 gives the detailed analysis of the features used by the student per experiment. This gives an understanding about what are the features in the Virtual lab which lead to achieving the desired learning objectives and hence are instrumental in the development of the higher order thinking skills. The pilot study conducted with five undergraduate students delves into how the Virtual labs can be used to develop higher order skills amongst the students and how effectiveness of the new technology labs can Thus instead of just measuring the learning gains in the form of a post-test which is the most commonly used instrument in educational technology interventions we propose the new technique based on previously established theories. This technique has benefits from student as well as instructor perspective.
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A. Benefits from Student Perspective
The student's lab work in traditional labs is assessed on the basis of the lab write-ups submitted after the completion of the experiment. The instructor may not assess it immediately but much later and the students do not get timely feedback. The marks allocated to a particular lab course work depend on the marks obtained in the write-ups. The assessment is summative and hence whether the students have achieved the desired lab learning objectives cannot be established. They are not assessed based on the various tasks they perform and learning gained. The following are the benefits of the technique Fair assessment.
Learning gain measured.
After the student completed all the experiments the author took semi-structured interviews of the students. The questions asked were as follows: 1. Which of the features of virtual labs you feel contributed to your learning in the virtual lab? 2. Do you feel the virtual labs are suitable for the development of higher order thinking skills?
All the five students pointed out that the most important feature of these labs were Exhaustive list of components available, Form circuits, setting the specifications of components and equipment and automated graph plotting. They felt that due to these they could reflect on their learning and find out reasons for the behaviour of component in a particular manner when their internal parameters are varied. The tasks allocated made them think which usually does not happen in case of the traditional labs. They found the feedback component in the online material very useful in order to complete a given task successfully.
B. Benefits from Instructor Perspective
In many institutes the same lab write-ups are carried over for many years and students refer to the older ones for completing their own. They are also likely to resort to plagiarism. Many times the students submit the write-ups of all experiments at the end of the semester. 1) They can assign different tasks to different students thus avoiding plagiarism.
2) The assessment is semi-automatic and so the work load of instructor reduced.
C. Further Work
The technique is tested by carrying out a pilot study with five students. The authors propose to carry out further studies using the Virtual lab in Basic and Advanced Electronics along with the developed online material with undergraduate engineering students in the next semester. These will be longitudinal studies spanning across six months in which the students will perform all the experiments with virtual labs and the results obtained will then be used to modify the online material with the learning tests. The online material is under revision and there will be more features added such as hints to the students while they are performing the experiments. These hints or scaffolds will help students in identifying their mistakes while performing the experiments so that they will get correct results from the assessment questions.
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